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MOLCHANOV, Ye.lL.
et RT T
e = T Invastigating startiag conditfons of stationary gas-turbine units.
Suthorts abstract of the dimsertation for fhe eciantific dagree of
'z Candidate of Technology] Issledovanie uslovii pusks sfatsionarnykh
gazoturbinnykh ustanovok. Avtoraferat dissertatsii na soiskanie
uchenof stepeni kandidate tekimichsskikh nauk, Nauchnyl rukovedi-
tel! = G.I.Shuvalov., Moskva, Vaas.ordans Frudovoge.Kraencgo Znameni
teplotekhn.naucbno—-iul.in—ﬁ sm, F.B.Dzerzhinskogo. 1958. 12 pe
(KIRA 12:10}
(Gas turbines}
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s/123/60/000/022/012/013

26, /20 A005/A001
pranslation from: Referativnyy zhurnal, Mashinostroyeniye, 1960, No. 22, p. 348,

# 123386

AUTHOR: Molchanov, Ye, L.

TITLE: The Problem of Substantiation of the Starting Conditions of Gas
Turbine Units

PERIODICAL: V sb.: Usoversh, konstruktsiy i ekspluat, turbin, ustanovok, Moscow-

Leningrad, Gosenergoizdat, 1959, pp. 255-261 ;

TEXT: & methad is expounded of the substantiation of the starting condi- J
tions of gas turbine units according to which the starting instant is determined

by the stresses arising in the furbine impeller, Calculations showed that the

thermal flux preheating the impeller js directed along the radius and the problem

of determining the temperature drops can be reduced %o the. one-dimensional problem,

A formula and graphs are presented for determining the temperature drop between

the center and the periphery of the impeller, as well as & formula of the thermal
stresses in the latfer. It is noted that thermal stresses are smaller in an

Card 1/2
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AQ05/A001

The Problem of Substantiation of the Starting Conditions of Gas Turbine Units

impeller produced from steel of the perlite class, The stresses in the impeller
of the gas turbine unit [ T2-600-1.5 (0T-600-1.5) during the starting process were
equal to 5,100-5,800 kg/cm” which are near the rated stress, The calculation
method proposed can be recommended for determining, to a first approximation, the
stresses in furbine drum impellers at starting of gas turbine units,

B.I.A,

Translator's note: This is the full translation of the original Russian abstract,
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50¥/96-59-3~6/21
®UTHOR: Molchenov, Ye.I., Candidate of Technical Sciences

TITLE: Pempe rature Distribution in a Gas-Turbine Rotor
(0 raspredelenii temperatury v rotore gazovoy turbiny)

PERIODICAL:Teploene rgetika, 1959, Nr 3, pp 30-31 (USSR)

ABSTRACT: The 1500-kW gas turbine on which the measurements were
made is installed in the Heat and Electric Power Station
of the All-Union Thermo-technical Institute. The initial
gas temperature was 600°C. 4 longitudinal cross-section
through the set is given in Fig.l. The five-stage gas
turbine drives an axial compressor and also a generator
through a reduction gear. The turbine rotor is of fthe
solid~forged drum type and has an internal bore 50 mm
diameter. It is made of austenitic steel. The turbine
speed is 5,000 rpm. Temperature measurements were taken
in the bore of the rotor by means of chromel-zlumel
thermo-couples installed at various points as illustrated
diagrammatically_in Fig.2. Heasurements were made every
five minutes whilst the rotor was bteing heated up;
thereafter longer time intervals were used. Temperature
changes at various parts of the rotor bore as a function

Caxrd 1/2 of time are plotted in Fig.3 which also notes the inlet
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Tempe rature pistribution in a Ges-Turbine Eotior

and. outlet gas tempe ratures. A graph of the temperature
distribution in the rotor bore during steady thermal
conditions is given in Figets Bquilibrium is reached

i The results show that
the r i it and that bemperature
gradients appearl, | 1 n of the rotor is
considerable but i expansion of the
turbine casing. Axial expansion of the casing 1S in
fact about 12 mm whereas under steady conditions the
expansion of the rotor is about 4 mm, There are 4 figurese.

ASSOCIATION: VseSoyuznyy Teplotek_hnicheskiy Tnstitut (All-Union

The rmo—-Technical Tnstitute)
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A Method of Approximate Calculation of Temperature 8/170/60/003/04/16 /027
Fielde in Ccoled Disk Rotore of Gas Turbines BOGT7/Bt02

writfen down. Heating of the cocling air and cooling air consumption {on the
condition that the cocling air is conveyed to the center of the disk) can be
estimated when the temperature distribution along the radius is known. The power n
of the relative radius ¢ = r/R (r denotes the variable radius) occurring in X
formuls (4) has a considerable influence on the distribution of the tensions

and their magnitude. Fig. 4 shows e graph for the determination of n for the

case in which formula (4) is used in the calculation of the thermal temsions

in the disk on non-stabilized and steady thermal conditions. There are

4 figures.

ASSOCIATION: Vaesoyuznyy teplotekhnicheskiy institut, g. Moskve (411-Union
Heat Engineering Institute, Gity of Moscow)
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5/026/20/000/04/011/021 .
1 .
24.5200 E19%/E35 -

AUTHOR ¢ Molchanov, Ye.X.. Candidate of Technical Sciences

- e
TITLE! An Investigation of Temperature pistribution in a

‘ Cooled Gas-Turbine Rotor
PERIODICAL:Teploenergetika, 1960, Nr 4, pp 53-36 (USSR)

ABSTRACT: This article gives the results of temperature
distribution calculations in the rotor of a gas turbine
with various methods of cooling, The calculations
) referred to the rotoer of a two-stage high-pressure gas
2. | turbine type GT—TOO—Q&j/The rotor is an austenitic disc
fitted to the end of & pearlitic steel shaft, as shown
diagrammatically in Fig 1. The disc was coaled by
applying air to its faces and also tc the rim between
the first- and second-stage blades., The temperature -
distributions were calculated on a hydraulic ’
integrator by a procedure which has been described by
Molchanov in Teploenergetika, 1956, Nr 1 and elsewhere.
The boundary conditions for which the calculations were
made are tabulated. The first-stage gas temperature was
660%C and the second-stage 616%C; other temperature
card 1/4 conditions are stated. It was found that the heat-transfer
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68840
5{096/60/000104/011/021
E194/EE55
ATt Investigation of Temperature pistribution in a Cocled Gas-

Turbine Rotor

coefficient from the faces of the disc is & function

of the radius, as «will be seen from the graph in Fig 2.

The changes with time of the temperature difference

between the outside edge and the centre of the disc are

plotted in Fig 3. A nhistogram of maximum temperature

drops across the radius of the disc for various values

of the heat-transfer coefficient in the blading 18 given

in Fig &. & similar diagram comparing the maximun

temperature drops across the radius of the disc with

various values of heat-transfer cqefficients from the .
disc feaces is given in Fig 5. Changes in the meximust -
temperature drop &s & function of the method of cooling
and temperature of the cocling medium are plotted in
Fig 6. Isotherms of temperature distribution in the
gas turbine roter under steady-state conditions,
in Pig 7. relate to three sets of boundary conditions,
which are given in the Table. These isotherms may be
used in thermal stress and strength calculations under

Card 2/% various conditions. Thus & qualitative picture was

.
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An Investigation of Temperature pistribution in a Cooled Gas-

Turbine Rotor

obtained of the temperature

types of cooling, and the influence o
ture distribution and

conditions on the tempera

temperature drops was determined.

changes in the heat
blading and from
upon the maximum radia
found that,
application of cco

two stages combined

heating-up and dguring st
disc faces are cooled,
maximum radial temperatur
a considerably greater drop
it is evidently
systems to invest
avoid dangerous 8

card 3/4
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An Investigation of Temperature Distribution in a Cooled Gas-
Turbine Rotor

1 table and 4 Soviet references.

ASSOCIATION: Vsesoyuznyy teplotekhnicheskiy insgtitut
{All-Union Thermo-Technical Institute)

Card 4/4
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AN s/11k/60/000/010/003/007
AUTHOR : Molchanov, Ye.I., Candidate of Technical Sciences
‘TITLE: Calculation of Temperature Distribution and Stress in

the Rotor Blading of a Gas Turbine
FERYODICAL: Energomashinostroyeniye, 19606, No.1l0, pp.19-21

TEXT: In addition to being subject to centrifugal and bending S
forces, gas turbine blades are subject fo thermal stresses;
to evaluate these it is necessary to calculate temperature fields
iy under various conditions, Calculations of this kind were made
- using a hydraulic integrator designed by V.S.Luk'yanov, The
calculations were based on the assumption that the blade is of
constant section and that the temperature and heat transfer Ci
coefficients are constant both along the length of the blade and
. across the section. The method of dividing up blades for the
S examination is illustrated in Fig.1l. For the study of temperature
' distribution, the blade was divided up into seventeen areas, the
) investigations corresponded to four temperature conditions
- equivalent to rapid start, maximum cooling, ignition of combustion
chamber and extinction of cgmbustion chamber at full load with

< maximum temperatures of 600°C and minimum of 20°C. Fig.2 shows a
' temperature time curve for the bottom part of the blade and the
Card L/3
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s/11k/60/000/010/003/007
E194/E48%

Calculation of Temperature Distribution and Stress in the Rotor
Blading of a Gas Turbine

fir-tree root. It is found that even under favourable

conditions there is a temperature drop in the blade proper only
immediately near the root and so the temperature distribution may
be considered as a plane problem. Fig.4% shows temperature/time
curves at various points in the blade section for two values of
heat-transfer coefficient, It will be seen that the value of the
heat-transfer coefficient has an important influence on the
temperature gradient across the blade section. Blade stresses are,
of course, caused by temperature drops and the process of
temperature drop formation is illustrated in Fig.5 which gives
graphs of the difference between the temperature at the inlet and
central parts of the blade section as functions of time, Blade
isotherms at the instant of maximum temperature drop are plotted lﬁ'
in Fig.6. A pracedure for calculating thermal stresses in gas
turbine blades has been described elsewhere and the procedure is
briefly recalled here. The method was used to calculate the
thermal stresses occurring in a blade section and the corresponding

Card 2/3
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Calculation of Temperature Distribution and Stress in the Rotor
Blading of a Gas Turbine

stress diagrams are plotted in Fig.7. It will be seen that

tensile stresses of 2000 kg/cm2 are set up on the convex inlet

face of the blade and at the discharge edge. These thermal

stresses are of a temporary nature and form a kind of shock ;load, -/C
bata published by the American General Electric Company has ishown
that thermal shock loads may be an important cause of blade

failure. There are 7 figures and % references: 3 Soviet and

1 English.
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.~ MOLCHANOV, Ye.I.; ATENKOV, S., tekhn. red.

[Using the hydreulic analogy method for studying temperature
fields in gas turbine units; Conference on Heat and Mass
Transfer, Minsk, January 23-27, 1961] Primenenie metoda gid~
ravlicheskoi anslogii dlis fssledovaniia temperaturnykh polei v
elementakh gazovykh turbing sovgggghg;x_ieﬁpi: siepig—eli m;gs;ob—-

s 23-27 ianvarie . : « 17 Pe
manu, g. Minsk, 23 g P (i 15:3)

{Hydraulic models} {Gas turbines)
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MOLCHANOV, Ye. I.

“Application of the Hydraulic Analogy Method to
Imresﬁiga.tions ~of Temperature Fields in Gas Turbine
Elements.

Beport submitted for the Conference on Heat and Mass Transfer,
Minsk, BSSR, June 196L.
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5 /262/62/000/022/002/007
10 829 EG73/E435
AUTHOR: Molchanov, Ye.I.
TITLE: On the problem of thermal fatigue

PERIODICAL: Referativayy zhurnal. Otdel'nyy vypusk. Silovyye
ustanovki, no.22, 1962, 2L, abstract 42,22.140,
(In collectiomn: Teplovyye napryazheniya v
elementakh turbomashin. No.l. Kiyev, AN UkrSSR, 1961,
156-159) .

TEXT: A number of authors in the USSR and abroad carried out
thermal-fatigue experiments on specimens for the purpose of a
qualitative evaluation of the resistance-tc-failure under the
effect of a cyclically fluctuating tempergture, as well as
quantitative evaluation of stresses and strains. The author
mentions the work of Coffin, who ocbtained the clearest relation J{
between the aumber of cycles te failure and the magnitude of
plastic deformation. The investigations were made on hollow,
cylindrical specimens, held in rigid clamps. Periodic passage
of a current through the specimen produced in it tensile-
compreassive stresses. The author made experiments on
cylindrical austenitic steel specimens 100 x 100 mm with an
Card 1/2
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On the problem of thermal fatigue EQ73/E435

internal bore of 10 wm diameter, Eight specimens were tesgted
for three values of radial temperature gradients, which corresponded
to three levels of stresses and strains, The frequency was
1/360 cps. resented in the form of a
and deformations on the bore,
s calculated from formulae
inder on the assumption that
elastic, The Poisson
are also included
racks are generated

[hbstractor's note: Complete translationJ

10013-6"
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25668
5/096/61/000/00910051008
26.52/24 E194/E155
AUTHOR: Molchanov, Ye.X,, Candidate of Technical Sciences
TITLE: Calculation of temperature distribution in gas

turbine discs cooled through erection holes in the
blade root Jjoints

FERIODICAL: Teploenergetika, 1961, No.9, pp. 65-68

TEXT: This article describes an investigation of the
temperature distribution in a disc coolec by passing air through

_ erection hecles in the blade root Joints, A sketch of the disc ig

t shown in Fig.l, the motion of the cooling air being indicated by ~
- arrows. At the disc face the flow of air divides, part moving

also serves to cool the far face of the disc, Investigatiaons of
temperature distribution in the disc during steady-state and

using a procedure described by the present author in Teplo-

energetika No.l, 1956 (Ref.2). The blade and disc were made of
austenitic steel, The experimental conditions are described in
Card 1/5
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E}.94/ E155
some detail; 43 variants of boundary conditions were used, in V/

order to determine as fully as possible the temperature distribu- !

tion during steady~-state thermal conditions. Certain transient
conditions were also studied. The greatest calculated temperature
rise of the cooling air was 67 oS¢, corresponding to high values of
heat transfer coefficient in the slots both to the blade proper
and to the face of the disc. Heating of the cooling air is most
affected by the heat transfer coefficient in the blade root slots
. and the temperature of the medium on the far side of the disec.
o From the results quoted it is found that the greatest radial
] temperature-drop occurs in the blade, mostly in the root and in the
> ] neighbouring part of the blade preper. When the cooling air passes
through the ducts in the blade root and is then used to cool the
; far face of the disc, the axial temperature drop is small and does
v not seriously affect the disc, 4 study of transient conditions
shows that the axial temperature drop is established very quickly
and does not alter much with time. To minimise this temperature
drop the temperature of the medium should as far as possible be
maintained the same on the two sides of the disc, and cooling air
should be passed through the ducts in the blade roots,
Card 2/s5
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. 5/096/61/000/009/005/008
Calculation of temperature ,,... E19L/E155

This measure also greatly reduces the radial temperature-drop in
the dise under both steady-state and transient conditions., It is
found that at the instant when the radial temperature difference

in the disc is at a maximum, the temperature distribution in the
disc is very complicated and there are considerable temperature
gradients in the blade root. These radial temperature

differences can cause thermal stresses in the disc which are
superimposed on the stresses due to centrifugal force and so are
very undesirable. The instant at which the greatest radial
temperature-drop occurs depends on heat exchange in the ducts of
the root joints., Thus when cooling air is not passed through the
ducts, in the case considered the maximum temperature drop occurred
some 4 - 8 minutes after the start of heating. In this case, there
were considerable radial temperature-drops in both steady-state and
transient conditions. When the ducts were air cooled the maximum
temperature drop occurred after 1 - 1.5 minutes and was much
smaller than in the previocus case. It is concluded that since zx/
the most intensive extraction cf heat passing from the blade

proper to the disc occurs in the upper ducts of the blade root
these ducts should be made as wide as possible. It is found that
Card 3/ 5
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Calculation of temperature ..... g{gz?g?;ﬁeoo/oo9/oos/ooa

delivery of cooling air to only one face of the disc can lead to
considerable axial temperature-drop, causing buckling of the disc
even if the air is later passed through ducts in the blade roots.
There are 6 figures, 1 table and 2 Soviet references,

ASSOCIATION: Vsesoyuznyy teplotekhnicheskiy institut
(All-Union Heat Engineering Institute)

card &/5
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34340
s/170 62/005/005/005/012
8108/B104

PRI o

AUTHORS ¢ Molchanov, Ye€. 1., Khenven, A. R
<_____...———'_—_———-—_

TITLE: Calculation of temperature fields in a vane of a gas turoin®

cooled through mount ing aperbures

PERIODICALs Inzhenerno-fizicheskiy zhurnal, V. 9, NOo 5, 1962, 45 - 50

PELT: The temperature field of a gas turbine van
at its root was calculated on & hydraulic integrator (desi
of 80 from the first stage of a two-

V. S. Luk fyanov). The vane was one

atage gas turbine working at & gas temperature of 760°C. The fields beth
along and across the vane were calculated for steady as well as for non-
gteady conditions at gifferent heat transfer coefficients and cooling air
temperatures. The calculations were made for 2 section over which the
radial flow of neat need not be considered. It is stated that in ex-
perimental atudy the cooling eir should have & temperature as low as
possible since then estimates of the coefficients of heat transfer in the
different parts of the vane will be the most accurate. There are 4 fig-

ures, 1 table, and 3 Soviet referencess )(

e ccoled through holes
gn from
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S/170/62/005/063/c03/612
Calculation of temperature,.. B108/B104

ASSOCIATION: Vsesoyuznyy teplotekhnicheskiy institut imeni
F. E. Dzerzhinskogo, g. Moskva (All-Union Institute of Heat
Engineering imeni F. E. Dzerzhinskiy, Moscow)

SUBMITTED: September 19, 1961

Card 2/2
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5/032/62/028/002/019/037
B139/8104

AUTHORS ; Plotkin, Ye., P., and Molchanov, Ye. I.

TITLE: : Application of thermocolors to measure the temperature of
machine parts

PERIODICAL: Zavodskaya laboratoriya, v. 28, no. 2, 1962, 205 - 205

TEXT: The authors used thermocolors developed by the Kafedra tekhnologii
lakov i krasok Moskovskogo khimiko-fekhnologicheskogo instituta im.
Mendeleyeva (Department for the Technology of Varnishes and Colors of the
Hoscow Instifute of Chemical Technology imeni Mendeleyev) and produced

by the “Svobodnyy trud" Plan% in Yaroslavl', to determine the teaperafurss )
2% which a change in color occurs after long-time heafing. A plate 49 y//
mm long, 0.5 mm thick and of varying width made of stainless steel and
provided with a thermocolor coating, was heated with about 100 a a-c.

The temperature field was checked by a thermocouple goldered to the

back of the plate. The boundary line of color change during long-time

heating shiffed foward lower temperatures. For 30 min heating, the

Card 1/2
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$/032/62/028/002/013/057
Application of thermocolors... B139/B104

temperature of color change of various colors is 50 -~ 100°C lower than fthat
for short-time heating. For a longer fime of heating, the transition
temperature stabilizes and becomes practically constant when heating for

2 - 6 hrs. Thermocolors age under the action of light. The ma jority

of thermocolors change at temperatures of up %o 400°C, fwo types change
their colors at 400 - 65000, but at 650°C the color change from white

info pale violet is hardly noticeable. There are 2 figures and 1 Soviet
reference,

ASSOCIATION: Vsesoyuznyy teplotekhnicheskiy institut (All-Union Institute
of Heat Engineering)

;‘:: _I c
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- L e S/114/6 /OC‘ﬁ/OOl/OOZ/Ou?
Lemoerature‘and stress states cva - 0262/D308
" of view-of the rotor and blade strength, th:l.s time should be 5 - 8

min, JAir tapped past thewregener&tm at 29006, is recomaended for
- this cooling turbine. Them are 7 figures and 3 tabl.es.

; i )
&)

o
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1AUTHOR:  Plotkin, Ye. R. {Moscow); Molchanav, Ye. e (Moscow} {

5/3052/63/000/003/0181/0192

fTiTLE: Experimental Envestigatfon'd?'the temperatu'rg field and evaluation of the
1Stress in gas turbine blades operating at varying speeds

'SOURCE: " AN UkrSSR. Institut mekhaniki. Teplovy*ye;"!napryazheniya v elementakh
konstrukesiy; nauchnoye soveshchaniye. Doklady*, no. 3, 1963, 181-192

:TOPIC TAGS: turbine, gas turbine, turbine blade, turbine operation, turbine blade P
; temperature, turbine blade stress / ;
ABSTRACT: Turbine blades were tested in a variable temperature field when starting:
rand at varying gas turbipe speeds; using thermocouples for measurement. Four Co
istages of operation were studied: I, Starting of the cold engine and accelera-~ :
tion to idling speed. 2. [ncrease of the load (after 7 min} for 3 min. 3. De- |
- icrease of the load {1k min after starting) to idling speed in 2 min. k. switching'
‘of f the combustion chamber while the turbine fs runalng at {diing speed (20 min {
‘after startingj.- Besides, the combustion chamber was switched off while running
under ‘load. Results are shown in graphs, Analysis shows that starting or changlng:
‘the load after five minutes or more does not lead to acclidents, even withk large ;
-turbinel?éades; ‘0rig. art. has: 9 figures. _ i

Card. , . ¥/ e

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001135010013-6



CIA-RDP86-00513R001135010013-6

"APPROVED FOR RELEASE: 03/13/2001
Y PR G T PR R Do E earee: s B0 Lo N rasr R s S Yy

SRR T SR & F

" ACCESSION NR: “AThGIO246 """ 7777 -
,fAssoczAIzqy; INSTETUY HEKHANEKI AN UkrSSR (Mechantcs Institute AN UcrSSR)
SUBHITTED: 00 . . " DATE AcQ: tzJanék B ENCL: 00

(o CUBCODEE PR, AP KOREFSOV: 006 orygr: 000

t

i

. s
i
{

1

}

i

CIA-RDP86-00513R001135010013-6"

APPROVED FOR RELEASE: 03/13/2001



%I ACCESSION NR: AT4010247 $/3052/63/000/003/0193/0200

AUTHOR: Plotkin, Ye. R. (Moscow); Molchanov, Ye. I. (Moscow)

e Sl e o 28 s AR
P

| TITLE: Thermal stresses in a turbine blade with fluctuations fn gas temperature !

SOURCE: AN UkrSSR. Institut mekhaniki. Teplovy*ye napryazheniya v elementakh
konstruktsiy; nauchnoye soveshchaniye. Dekladyk, no. 3, 1963, 193-200

TOPIC TAGS: thermal stress, éﬂrbine, turbfne blade, gas turbine, turbfine gas
Cemperature, thermodynamics - i

. " ABSTRACT: bBuring the operation of gas turbines, conditfons of perfiodically

{ varying gas temperature are frequently encountered. Such conditfons may be
caused by instability of combustion chamber work or may arise at turbine load
changes. Gas temperature ascfllations with a frequency of 1.5 - 3.0 to 60

i cycles/sec. and amplitudes fn excess of 20% of the mean gas temperature can
be provoked by instabilities, while load changes are accompanied by lower
frequenciea with a period of several geconds and even minutes and amplitudes
up to several times the difference between fnftial and final temperature valueg. '
Gas temperature oscillatfons cause corresponding Cemperature oscfllatfons in

i turbi7e rotating aund stationary {guide vanes} blades, particularly along the

‘Card L7 : '
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thin edges. As a result of non-uniform heating of the blades, temperature
gradients arise and, consequently, thermal stresgeg appear. ‘It is of great
interest to establish the influence of gas temperature oscillations on the
strength of blades working at high temperature and stress levelg. 4& methad
based on simplifying agsumptions allows the investigation of transfent tem-
perature distributfons in order to establish the influence of varfous factaorg
such as blade profile, heat exchange conditfons, physical properties of blade
‘material, and the period and amplitude of gas temperature oscillatfons.

main simplifying assumption is that the basic heat flow accurs in a directfon
normal to the blade surface, but the heat flow along ‘skeletline is small and
can be neglected. Such an asgumption £z equivalent to a separate consfderatfon
of blade profile gections ag plates of corresponding thickness S =2k, as
shown fn Fig. 1 of the Enclosure. In the differentfal squation used to express
the heat exchange, a harmonic law is assumed for the gas Cemperature change;;.
It is further assumed that the film coefffcient ot s the gpecffic heat ¢ and-
the specific gravity §of the blade material, and the Cemperature distrfbution
cuefifcient 4 are constant values, where :

€, = €g
:4

N =
Cg ~ tn

'Card 24T
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‘ €g = gas temperature,
. tm * mean plate temparature,
- Cg = plate surface temperature.

The solutfon fmplies that tr follows a sfmple harmonic oscillatfon with a
phase shift agafnst the gas temperature oscillition. ' The relative amplitude
of plate temgs_rature oscillatfans and the phase shift angle depend an the par-
ameter KT = -&f—' where T is the perfod of gas temperature oscfllatfous.

ature oscillatfon amplitude, 5

have a greater influence on the blade temperature distributfon. The edge tema

perature practically follows the gas Cemperature. However, increasing the edge

thickpess considerably reduces the relative amplitude of temperature oscillations
- Card
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The mean temperature of the central, thicker portion of a blade gectfon changes
» 8t least at periods up to 20 gecoads.
the above-mentioned method were com-
of a hydraulic fntegrator,
no significant discrepancies were found. An exact solution has been obtatned
for the case of a working blade of a GT - 12 - 3 turbine at gas temperature
oscillations and at £ilm coefficientel= 893 W/m2 -°C. Solutions have heen
obtained for the transient blade temperature field &t gas temperature ogcfl-
lation perfods of 3, 12, 30, and 120 seconds. Thermal stresses have been come=

';, puted for the cage of

i0d T = 120 gec,
tuning for operation.

stress 1g:

Y fEmeET (Ee T G

- e,=E|E ' - ==
e+
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where E and {3 are modulus of elasticity and coefficfent of linear thermal ex-

' pansion, respectively, and x and ¥ - coordinates of crosg-section pofnts with
respect to the main thermoelastic bending axes. The results of stress calcu~
lacions are shown fn Fig. 2 of the Encldsure. Maximum stregges aoccur at the
trafling edge reaching the value G, = + 11183 N/em., O the basfs of the come
putations, it was concluded that codsiderable temperature and thermal-gtregs
oscillations can arise in the blades of a working gas turbine ag a result of
§as temperature oscillations, and, consequently, the blade life can be substan=
'{:ially decreased. Orig. art. has: 6 figures and 7 formulasg.

ASSOCIATION: Institut meichanﬁkf. akademfi nauk UkrSSR (Institute of Mechanics, '
Academy of Sciences, UkrSSR). o

' SUBMITTED: 00 DATE ACQ: 17Jan6k ENCL: 02
SUB CODE: PR - ' NO REF Sov: 008
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ENCLOSURE: 0%

Fig. 1 «

' . Gas turbine blade profile divided
i+ in strips to the profile for
approximate thermal analysts

H
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Fig. 2 < Gag Temperature and Turbfne
Blade Dimensionlesg Radfcal
Thermdl Stress S Qgefle
lations vg. Time St

G« 9.81 c:: | (¥ = Newton})

§ - 8 8 853 & 8o
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AUER: Plotidn, Ye. R. (Candidate of technical sciences}; Molchenov, Ye. I.
(Candidate of technical sciences) ' e

of o gas turbine blade under transient conditions :

6, 196%, 28-32

PYPIE: Temperature f£ield

SOURCE: Teploenergetila, 19«

TOPIC TAGS: turbine blade, tgr‘bme blade test, turbine blade <emperature, gas

turbine
ABSTRACT: The principel fac

£ie1d under trangient conditli
and sxperiment. Calculaticn error

tors affecting the equilibrium of the temperature :
one are presented froz the standpoint of theory vl

resulting from approximating assuapbions
cbtained by the method ol

hydraulic gnalogye LG was found thot the error in
e blsde under transient conditions 15 relative-

perature difference occurring in th
1y small,-end thet for real velues of the ccefficient of heat transicr to the
gurface end the coefficient of heat conductivity of the tlsde metal (o200 w/a?-

deg; )<ko w/n-deg) this ervor &oes not
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o the blade and & high heat conductivity of the metal, |
4

the error cculd be iarge) The essumptlions permit the temperoture field of each !
segment of the blade cross=section to te calculated as the field of an equivalent
i plate with & thiclmess 2h, corresponding to the thiclmess of the given seguent,
i gnd with corresponding houndary conditicns. By examining the chonge in mean tem=
i perature of the plate under transient ccnditions, gimple relations can be obtained

| por various particular casede For instance, for an instantanecus change in gas
temperature fran g to f;""&. -

i

= @ .

transfer fran the gas t

gad for & gmdual change of ty fran %o to t*g for the time T

1 - e K% o :
),for'\‘-:s‘ﬁ" o
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*
1 -~ e-kc
Qe ) o« — e -k « 7%
- e k(g ), tor Ttk (2)
of the trensfent duration depends on the
| An facrease in this :
. hes: 5 formu:las and 8 figures, perature. Orig. art.

" ASSOCTATION: Veesoyuzny*y

 ing Institute) teplotekinicheskdy institut (All-Unfen Pover Engfneer-
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PLOTKIN, Ye R.; IOLCHANOV, Ye,I,

Flt(stuations of temperafure and fhermal stresses inside &
turbine blade with pulsating gas temperature, Inzh,-fiz.zhur,
6 no.2:25-30 F 163, AMIRA 16:1)

1. Vsesoyuznyy teplotekhnicheskiy institut imeni F.E.
Dzerzhinskogo, Moskve,

(Thermodynamics}  (Gas turbinea}
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MOLCHANOV, Ye.l., kand . tekhn.nauk; PLOTKIN, Ye.R., kand . tekhn.nauk

{ ; k comnection of the

T rature distributfoniin the zone of the nec °

eﬁﬁd blade of a gas turbine, Teploenergetike 10 no.6:58-61 dJe
63, (MIRA 16:7)

1. Vsezoyuznyy tap